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 Abstract: We demonstrate nonlinear-polarization-evolution mode-locking in a ring-cavity Yb-fiber 
oscillator consisting of both polarization-maintaining (PM) and non-PM fibers. A femtosecond 
Yb-fiber oscillator at 12-MHz repetition-rate with 10-nJ pulse energy is implemented employing 
this hybrid cavity. 
©2012 Optical Society of America 
 OCIS codes: (060.4370) Nonlinear optics, fibers; (320.7090) Ultrafast lasers. 
 
Nonlinear-polarization-evolution (NPE) has become the most popular mode-locking method in implementing 
high-energy Yb-fiber oscillators [1]. One means for further scaling up the generated pulse energy is to increase the 
cavity fiber length. With lower repletion-rate and higher cavity net-dispersion, a long cavity (>10 m) Yb-fiber 
oscillator constructed from all single-mode fibers (SMFs) produces highly-chirped and high-energy pulses. This type 
of oscillator may constitute an ideal source for seeding a high-energy/high-power fiber amplifier to further power 
scaling.  
 Inside a NPE mode-locking cavity, the circulating pulse acquires nonlinear phase during its propagation in the 
fiber (passive fiber or gain fiber). Cross-phase modulation results in power dependent polarization-state for an 
elliptically polarized circulating pulse. Working as an artificial saturable absorber, a correct combination of a 
half-wave plate, a quarter-wave plate, and a polarizer exhibit higher (lower) transmission for the peak (wings) of the 
circulating pulse, which therefore initializes and stabilizes mode-locking. Since NPE without splitting the pulse 
becomes feasible only in non-PM fibers, it has become a well-accepted conception that a NPE mode-locking cavity 
should avoid inclusion of PM fiber. However non-PM fiber suffers from environmental perturbation (e.g., temperature 
fluctuation, mechanical vibration etc.) and offsets the laser’s robustness, repeatability, and reliability. The situation 
becomes notoriously worse for long-cavity Yb-fiber oscillators. As the non-PM fiber’s length is comparable to its beat 
length (typically, 5-10 m), uncontrolled birefringence starts to affect mode-locking [2]. For fiber length at 
tens-of-meters and above, polarization-mode-dispersion may further render the mode-locking unstable. Here we 
demonstrate NPE mode-locking in a hybrid cavity composed of short non-PM fiber to form NPE and long PM fiber to 
achieve the desired repetition-rate.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1 shows the experimental setup of the hybrid-cavity Yb-fiber laser operating at the all-normal-dispersion 
regime. NPE mode-locking in this regime requires an additional bandpass filter, which is implemented by a diffraction 
grating and a collimator; the resulting filter centers at 1030 nm with a 2.5-nm bandwidth and a Gaussian transmission 
profile. The collimator couples light into 10-m PM SMF followed by 4-m PM, single-mode Yb-fiber (80 dB/m peak 
absorption at 976 nm). A half-wave plate inserted between the diffraction-grating and the collimator aligns the 
polarization of the circulating pulse to the slow axis of the PM single-mode-fiber. The measured polarization 
Fig. 1. Experimental setup of the fiber laser. SMF: single mode fiber, ISO: isolator, PBS: Polarization beam splitter, 
WDM: wavelength-division multiplexing coupler, PC: polarization controller. 
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-extinction-ratio is 200:1. The Yb-fiber is counter-pumped by a single-mode 976-nm laser diode through a wavelength 
-division-multiplexing (WDM) coupler pigtailed by non-PM SMF. The total non-PM SMF inside the cavity is ~2 m. A 
fiber mechanical polarization-controller (PC) put at the front-end of the non-PM SMF adjust the input pulse 
polarization to be elliptical. An optical isolator inside the cavity ensures uni-direction operation of the intra-cavity 
pulse. Stable mode-locking is achieved to adjust the PC, the quarter-wave plate, and the half-wave plate (the one next 
to the polarization beam splitter).  
 
 In the first experiment, we constructed an Yb-fiber oscillator without the 10-m PM SMF, corresponding to a 
repetition-rate of 26.5 MHz. Fig. 2(a) plots the typical mode-locking spectrum at the output with a 3-dB bandwidth of 
21 nm. To show the potential for enabling long cavity Yb-fiber oscillator, we spliced 10-m PM SMF to the 4-m PM 
Yb-fiber. Continuous wave operation starts at a pump power of 100 mW. By increasing the pump power above 350 
mW, mode-locking is self-started with a repetition-rate of 12 MHz; see Fig. 2(b). With pump power of 400-mW, 
stable mode-locking generates 119-mW output at the NPE port (10-nJ pulse energy). The 3-dB bandwidth of the 
output signal is measured to be 15-nm centered at 1030 nm; see Fig. 2(c). Fig. 2(d) shows the measured 
autocorrelation trace (red, solid line) of the output pulse, about 6-ps long. Such a highly chirped pulse was compressed 
using a diffraction-grating (line density: 600/mm) pair configured at 45
o
 for the input beam. The measured 
autocorrelation trace (black, dashed line) for the compressed pulse is also plotted in Fig. 2(d), showing a 
full-width-half-maximum (FWHM) of 210-fs, close to the FWHM of the autocorrelation trace calculated from the 
transform-limited pulse supported by the spectrum in Fig. 2(c).  
 In conclusion, we have demonstrated that NPE mode-locking is feasible in a hybrid cavity consisting of both PM 
(14 m) and non-PM (2 m) fibers. Such a hybrid cavity enforces the mode-locking confined in a small fraction of the 
laser cavity, and therefore reduces the laser’s susceptibility to the ambient environment. Ongoing work is to further 
increase the PM fiber length for rep-rate <1 MHz, and compare its stability performance with a non-PM-fiber-only 
cavity at the same repetition-rate. 
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Fig. 2. (a) Optical spectrum measured at NPE output for the Yb-oscillator without the 10-m PM SMF; (b)-(d) experimental results for the 
long-cavity oscillator with 10-m PM SMF added: (b) Signal output power vs. pump power, inset: RF spectrum; (c) optical spectrum;  
(d) autocorrelation trace of the output pulse (red solid line) and the de-chirped pulse (black dashed line).  
(a)
(c)
(d)
Mode-
Locked
(b)
CW
